Abstract. Air compressor tank is the important equipment in the automotive workshops and laboratories. Air compressor can be categorized as pressure vessel. Pressure vessel often has a combination of high pressure together with high temperature, in some cases of flammable fluids or highly radioactive material. Due to hazards, it is crucial to ensure there is no leakage on the products. In addition, vessel has to be design cautiously to cope with the operating temperature and pressure. The thickness of the Portable Multifunction Air Compressor (PMAC) should be optimized to get the optimum thickness. The thickness cannot be very large due to the high cost of material and high weight. It also cannot be very thin due to the failures caused by its internal pressure. In order to get the optimum thickness, finite element method software was used to simulate the stress analysis of PMAC with various thickness and various shapes.
Introduction
Designing a pressure vessel for extremely high pressure condition is quite complicated and required detail consideration in many aspects including permissible stress level, definition of operation, failures criteria, material properties. Many researchers carried out research regarding pressure vessels. Brabin et al. [1] used finite element method to analyze and obtain elastic stress distribution at cylinder -to cylinder junction in pressurized shell structures. Tandon et al. [2] also used finite element method to study the changes of natural frequencies of vessel due to cracks. The change in frequencies due to the presence of a defect is a function of the crack length and its location and it also depends upon the mode shapes of the structure. The location of damage affects different modes of vibration differently. Anbazaghan et al. [3] developed finite element based wind and seismic design procedures for horizontal pressure vessels. They found the thickness of saddle of the vessels models is not quite strong, therefore it need more thicker saddle. Kargarnovin et al. [4] optimized the wall thickness of thick-walled spherical vessel using thermo-elasto-plastic concept. By considering a maximum plastic radius and using the thermal autofrettage method for the strengthening mechanism, the optimum wall thickness of the vessel for a given temperature gradient across the vessel is obtained. Kargarnovin et.al. [5] also designed thick-walled cylindrical vessels under internal pressure based on elasto-plastic approach. By considering the Bauschinger effect and the yield criterion of Tresca, an exact elasto-plastic analytical solution for a thick-walled cylindrical vessel made of elastic linear-hardening material is derive. Frantziskonis et al. [6] made a guidelines for the pressure and efficient sizing of pressure vessels for compressed air energy storage. The most important factor affecting the cost of the pressure vessel is the maximum pressure at which the system is designed to operate. It is shown that lower pressures used to store the same energy result in less cost than higher pressures.
One the main important pressure vessel is PMAC. PMAC is widely used at the workshops and automotive industries. However, the research regarding the PMAC wall thickness optimization has not been reported yet. Therefore the objective of this work is to obtain optimum thickness of PMAC wall with several various types of vessel models which are ellipsoidal heads, cylindrical pressure vessels with flat heads and spherical shapes. The optimization was done by adopting finite element methods using commercial software ABAQUS.
Finite Element Model of PMAC PMAC Models.
There are three models of PMAC that were analyzed and simulated: cylindrical pressure vessels with ellipsoidal heads, cylindrical pressure vessels with flat heads and spherical shapes. The models of PMAC are depicted in Figure 1 . The wall thickness is determined by consideration of the thin wall pressure vessels theory which is between 2 mm and 9 mm. To obtain the optimum thickness, the stress of the vessel was simulated by varying the wall thickness from 2 mm to 9 mm with increment of 1 mm. The design parameter of vessel is defined by ASME Code VIII division 1 with the following parameters: internal temperature is 50°C, internal pressure is 24.131 Mpa, External design temperature is 50°C, external design pressure is 0.101325 Mpa, maximum diameter is 150 mm and vessel length, tangent to tangent is 450 mm. The material used in this study is steel with density of 7850 kg/m 3 , Poisson ratio of 0.3, Young Modulus of 200 Gpa, Yield Strength of 250 Mpa and Ultimate Tensile Strength of 460 Mpa. The element shape is tetrahedral and element type is 3D stress. As load, the internal and external pressure of the vessels was used. Boundary condition is fixed at certain reference point in the vessels. 
Result and Analysis
The output parameter from the finite element simulation is a Von Misses stress for three models of PMAC in various thicknesses. Figure 2 shows the Von Misses stress of cylindrical vessel with ellipsoidal heads for the 9 mm wall thickness. The maximum stress is 358.1 Mpa which is occurred at the middles of the body of vessel. This value is lower than the ultimate strength which is 460 Mpa. Therefore, a vessel with this thickness is safe if the safety factor is 1. The minimum value of Von Mises stress occurred at the ellipsoidal head which is 173.1 Mpa. Figure 3 shows the Von Misses stress for the three models with various thicknesses compared to the ultimate strength of vessel's material. It is shown that for thickness of above 8mm, the stress is higher than the ultimate tensile strength. Thus, the optimum wall thickness for the cylindrical vessel with ellipsoidal heads is 8 mm. The Von misses stress for this thickness is 400.6 MPa. For thickness of 7 mm, the Von Misses stress is slightly higher than the ultimate strength (468.6 MPa), thus it can be considered as fail condition. Whereas, for cylindrical vessel with flat heads, Von Misses stress value for all thickness are higher than the ultimate strength. For spherical vessel, the The comparison of stress in the three types of vessels can be explained by following explanation: The cylindrical vessels with the flat heads has the highest stress since the stress concentration factor located at the joint which connect the body of vessels and its head. The spherical heads has the higher stress due to double curvature means that all stress directions around the pressure point contribute to resisting the pressure. The cylindrical head has the lowest stress because in the cylindrical vessel the internal pressure is resisted by the hoop stress in "arch action" whereas the axial stress does not contribute. The cylindrical shape also has others advantages compare to the spherical shapes, namely: (1) the wall stresses vary with direction, (2) closure by end caps can alter significantly the ideal membrane state, requiring additional local reinforcements. However the cylindrical shape may be more convenient to fabricate and transport.
Conclusion and Remarks
Optimization of the wall thickness of PMAC has been done by using finite element method. The results show that the optimum wall thickness of cylindrical vessel with ellipsoidal and of spherical vessel is 8 mm and 9 mm, respectively. The results will be validated by experiment method which is the main objective of our future direction.
